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Prostaglandin Metabolism in Ischemic Brain Edema 
TADASHI ~HINGU 
Department of Neurosurgery, Faculty of Medicine, Kyoto University 
(Director: Prof. Dr. HAJIME HANDA) 
Summary 
Prostaglandin metabolism was studied in an incomplete i;,chemia and post-ischemic 
reperfusion model of the Spontaneously Hypertensive Rat （おHR). After anesthetization with 
ether, cerebral ischemia was induced by clipping both the common carotid arteries. For reper-
fusion, the clips were removed without anesthesia. These animal-; were then grouped into three. 
The五rstgroup (I-hour-occlusion group) was reperfused after 1-hour occlusion of the both 
common carotid arteries and were decapitated at the end of the occlusion、五fteenminut目
3 hours or 6 hours after the reperfusion. 
The second group (5-hour-occlusion group) was reperfused after 5-hour-occlusion and were 
killed at the end of the occlusion、3hours or 6 hourぉafterthe reperfusion. 
The third group (treated group) was pretreated with Dexamethasone or ON0-3144 (2-
Aminomethyl-4-tert-butyl 6 propionylphenol hydrochloride), an imidazole deri、＇ative and 
辻 selecti¥
(5 mg/kg) was given intraperitoneally 30 minutes before the 5-hour occlusion and thぞ只ぞ ratswere 
killed at 3 hours after the reperfusion. 
Cerebral water content was measured by dry-wet method. Horse radish peroxidase (HRP) 
studies were done to examine blood-brain barrier function. Thiobarbituric acid reactive 
substance (TBA-RS) content was measured by Ohashi’s method. Cerebral microves:;els con-
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taining arterioles、capillariesand venulれ wereseparated from the brain, using Brendel’s method. 
The quality of the separation of microvessels was checked by microscopic examination. Tissues 
from seven animals were pooled and this specimen so-obtained wa討examinedfor cerebral micro-
vessels. The contents of 6-keto-prostaglandin F Ia(6-keto-PGF1a) and thromboxane B2 (T XB2) 
of the whole brain‘cerebral microvessels and Willis rings were measured by radioimmunoassay 
.-¥!thoughメHRbecame drowsy during the 1 hour-occlusion. the level of consciousness and 
motor actiYity gradually returned to normal. >:eurological deficiいwerenil even 6 hours日fter
the reperfusion and no rat died. Cerebral water content did not change 討ignificantlyuntil 
6 hour,; after the reperfusion. The HRP study showed that the function of the blood-brain 
barrier remained intact throughout the intra-ischemic and post-ischemic periods. The contents 
of TBA-RS in the whole brain did not「hangeduring the examined period. The contents of 
6 keto-PCF1a and TXl:h in the whole brain had the same pattern of change and they increased 
4 times and 1.5 timぉ ofthe preiぽhemiclevel respectively at 15 minutes after the reperfusion. 
But this increa同 wasonlv transient and thev Iでcoveredto the preischemic level at 3 hours after 
the reperfusion. 
In the 5-hour-occlusion group. generalized convulsion、severeconscious disturbance and/or 
respiratory distress continued for over 3 hours. The mortality rate was 33.3 per cent. Even 
after the reperfusion、therew;1s no recovery from the deficits. The cerebral water contents in-
creased significantly. In HRP studie＇七 theblood-brain barrier was disturbed at 3 and 6 hours 
after the reperfusion in the 5-hour-occlusion group. The contents of TBA RS in the whole 
brain increased continuously after the reperfusion. The contents of 6-keto-P （ ~F1a and TXB2 
in the whole brain had the same changing pattern and they increased during the ischemic period 
3 times and 2.5 times of the preischemic level respectively at the end of 5-hour-occlusion. But 
they recovered to the preischemic level at 15 minutes after the reperfusion and rem品inedat this 
level up to 6 hours. 
In the cerebral microvessels of rats in the 1-hour-occlusion group、6-keto-PGhawas sup 
pressed during occlusion and also after reperfusion, there was a slight and transient recovery but 
no reversion to the preischemic levels. The suppression was more prominant both during and 
after the reperfusion in the 5-hour-occlusion group, aメcomparedto the I-hour-occlusion group. 
The content of TX B2 in the cerebral microvessels increased in the 1-hour-occlu元iongroup and 
also after the reperfusion司 Amaximum value being seen 3 hours after the reperfusion. Such an 
enhancement of TX B2 metabolism in the microvessels during and after the occlusion was no 
longer observed in the 5-hour occlusion group. 
Both 6-keto PGFiαand T XB2 contents of the ¥-ilis rings were relatively lower than those 
of cerebral microvessel＞、 andtheir syntheses were孔!sosuppressed during occlusion and afcぞr
reperfusion. However, there was a recoverv close to the control levels. 
Dexamethasone pretreatment led to aメigni五cantdecrca同 inbrain edem品 butthe levels of 
6-keto PG F 1a exceeded those non-treated group、andTX B2 levelsはt3 hours after the reperfusion 
remained unchanged. 。＞：0-3144 pretreatment did not inhibit the brain edema. but did inhibit thぞ increa同 of
虚血f生脳浮IJ重7在生機構に於ける Prostaglan仁l 31引
TX B2 synthesis of the microvcssels and markedly increased 6・keto-PGF1αconcentrations.
My experiment suggests that; (1) prostaglandin metabolism may be related to intra-and 
post-ischemic microcirculatory disturlianc℃s in the brain‘（2) enhancement of the synthesi, of 
prostaglandins during postischemic reperfusion is transient, yet the ischemic、brainedema con-
tinues to progress. Thw;. pro日taglandinsmay not be a main factor related to ischemic brain 




















































産生能を測定した報告として， Hagenet al 11979円、
人Ldel-Halimet al I l引801＇.九 bdel-Halimet al (1980) 





























1B1 Dexamethasone, ONO 3144の投与
これら無処置の群を対照群とし．脳虚血ー血流再開
に対する薬物投与の効果を知る目的で，薬物投与群と
して Dexamethasone(Dexa) 5 mg/kgおよびThrom-
boxane合成酵素阻害剤 2-Aminomethyl-4tert-butyl-







摘出した脳を，ただちにどC に冷却した pH7.4, 
0. 01 M Tris-HCl緩衝液（0.32 M Sucrose, 0. 1% 





pore size 153 μmのナイロンメッンュで強過したのち，
残溢を再び磨砕し，同様に 153μmのナイロンメッン
ュで再び瀦過した．ナイロンメソシュに付着した脳微


























断頭30分前l乙大腿静脈より Horseradish peroxidase 
(HRP) (Sigma l¥'pe II) 50 mg匂nimalを注入し，断
頭前に開胸して下行大動脈を結殺した後，左心室より
2% Glutal aldehyde 100 mlを注入し，同時に， t大
静脈より脱血して脳実質の濯流固定を行なった．




















なわち，各試料に 10000:VI ethanol を加えて磨砕し，
4°Cで 5000rpm, 15分間遠心分離して， J:il青を分離採
虚血性脳浮JI長'it＇主機構に/jでける t’，－，"l噌 landinsの代.！Ifについて 321 
取したのち，窒素ガス下で蒸発乾燥させた．（沈t州立，
蛋白質量の測定lζ供した．）これを， pl-I2. 5, 0. 05 '.VI 
Tris-HCI緩衝液（28μM Indomethacinを含む） l. 0 
mlに溶解し， Ethylether 2. 0 mlを加えてよく混合し
たのちに， 3000rpm, 5分間の遠心分離を行ない， ヒ
清の Ether層を採取した．この操作を2回繰り返し
て行ない， Ether層を窒素ガス下f[)i長発乾燥させた．
これに Ethylacet山 ιl.0 mlを加え，よく溶解して，
-20℃で一晩storeした後IC，窒素カ‘ス下に：Jペ'It.乾
燥させて， pH8. 0, 0. 05 M Tris-1-ICI緩衝液（28μM










TXB，および 6-keto-PGF1aの I<adioimmunoassay 


































Dex a投与群 ：78.53 .o. 08°0と対照群の 79,92士
0.06ら に比し， 有意な含水量の低下を認めた. (p< 
(1) 神経症候 0. 001) 
両組lj総領事ul*の血流遮断によって， SI-IRは著るし <lNO投与群 79.61士O.06°vと対照群Ir比し有意
い傾眠状態となり，血流遮断時間の延長とともに，意 の差を認めなかった．
識障害の程度はさらに増悪した． (3) Horse-radish peroxidaseの血管外漏出
1時間虚血群（n=ll9）血流再開によって傾眠状態 血波ー脳関門機能の破綻を示す指作としての，光顕
Table 1. Cerebral ＂山・ rcontents in 1 hour-occlusion group 
Experimental group 
Pre-operation 
1 hour after occlusion 
3 hours after reperfusio日









78. 75 ・-0. 09 n.s 
78.18土0.04 n.s 
Water contents are expressed as percent, mean:-~EM 
n =number of animal~， n.s. =not signi五cantlydifferent from 
pre operation group 
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Table 2. C、erebralwater contents in 5 hour-occlusion group 
Experimental group n Water content 
一一一一
Pre・opt・rat1on (6) 77. 79土0.09
5 hours after occlusion (6) 79.65土0.09 Pく0.001
3 hours after re perfusion (6) 79. 92±0. 06 P<O. 001 
6 hours after reperfusion (6) 80.18土0.05 P<O. 001 
¥0,ter contents are expressed as percent, mean± SEM: 
n=number of animals, pく0.001 is significantly different from 
pre-operation goup 
Table 3. Cerebral nはtcrcontents in treated and non-treated 
groups at 3 hours after reperfusion in 5-hour-occlusion 
Experimental group n Water content 
non-treated (6) 79. 92±0. 06 
Dexamethasone (5 mg/kg) (6) 78. 53±0. 08 pく0.001
りNυ－3144(5 mg/kg) (10) 79. 61±0. 06 n.s. 
¥¥'ater contents are expressed as percent, mean土SEM;
n =number of animals, n.s. is not significantly different and 
pく0.001 is sigm品cantlydifferent from pre-operation group 




(4) 全脳 TBA-RS含有量 胞，基底膜， pericyteが良く保たれた状態で認められる，
1時間虚血群虚血中および血流再開後を通じて有 (6) 全脳 6-keto-PGF1a含有量
意な変化を認めなかった． 全脳の 6-keto-PGF1a含有量の変化を Fig.4 Iζ示し
5時間虚血群：血流再開15分後より， TBA-RS の た．
急激な増加を認め， 6時間後まで経時的に増加し，推 1時間虚血群：虚血中に軽度の増加を認めさらに血
計学的IC有志：であった. ( 3時間後， p<O.05, 6時間 流再開によって急激に増加し，血流再開3時間後は急
後， p<O.01) (Fig. 1) 激に減少して6時間後にはほぼ虚血前の値に復した．
(5) 脳微小血管の分離 5時間虚血群・虚血中に， };I[血前の値の約3倍の増
分離された脳微小血管の電子顕微鏡像およひ位相差 加を認めたが， 1時間虚血群に認められた血流再開後
顕微鏡像をそれぞれ Fig.2および Fig.3に示した． の急激な増加を示さず，逆lと，急激に減少して，血流
Table 4. Extravasation of Horse-radish peroxidase 
Experimental group at the end of 3 hours after 6 hours after n occlusion re perfusion re perfusion 
1 hour-otιl LISJO!l (2) （） （） （一）
5 hour-o《tI uぉion (2) （一） （＋） （＋） 
Resultsι＜re expre"ed as positive ( +) or ne~ative （ー）自ndingsof extravasation 
of Hnrst・-r川lishperoxidase; n =number of antmals 
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Fig. 2. Electron microscopic appearnnc" of isolated cerebral microvessels 
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( 7) 全脳 TXB2含有量
全脳の TXBz含有：，i：の変化は， 1 時間虚血n~. s 
so 
JO 
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Table 5. Inhibition of prostaglandin syntheses in cerebral microvessels 
at 3 hours after reperfusion in 5 hour-occlusion groups 




475 ( -57. 3) 
509 
499 ( +2. 0) 
ONO 3144 (5 mg; kg) 1, 051 ( 248. 0) 325 （十36.1)
Results are expressed as pg/mg protein; 
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0 0 1Sm1n 3hours 6hours 
TXB2 contents in cerebral rnicrovessels and ¥Villis rings 
OCCLUSION 
Fig. 7. 







(10) Willis rin酔の PGs含有量
1時間虚血群の＼＼＇iJj,ringsの 6・keto”PGF，αおよ

















































































告としては，＼＼＇olfeet al (1976)10°', Bosisio et al 
(1976)1ヘ＼¥'nlfret al (1976)10ヘAbdelHalim et al 





































































Spagnuolo et al (1979)9", Gaudet el al (1982)31 〉， 
Gaudet 占に Levine (1980)32', Crocl《ardet al (1982)16 〉， 




している（A)Gaudet et ai30', (B) Crockard et al山，
(C) Bahkoo et al9、の報告では，いずれも虚血モデル
として， Mongoriangerbilの両総類動脈血流遮断を用







！が血性脳浮願発生機構に於ける l’I川 1川glandinsの代謝｛てついて 329 
者の代謝の変動を同時に検Aした報告は少なく， Gau-
det et al31＇および Shoamiet al＇＂があるのみである．

























































gen et al (1979）掛か， bovineの脳主幹動脈を用いて，
AAとの 3時間の incubationlとより， PGE2,PGF2向
6 keto-l'GF1α，PGD2および， TXB2の産生をみてお
り， Maureret al (1980)60＇は，同様に bovineの脳微小
血管を用いて30分間の incubationを行ない， 6-keto-
PGF1α，PGF2a, PGE2およびTXB2が産生されること
を示している．また λlid('l-1-l:dilllet al (1980）＂およ
び Abdel-Halimet al (1980）＂は，それぞれ Lllおよび
ヒトの脳血管を用いて， 30分間の incubationにより，
6-keto-PGF1α および PGF2.の産生を認めている．ま
た，（川・lilertet al (1981）却は， ratの脳微小血管を
















脳微小血管を用いて ill'UJ)('ti＜】1 による P＜州合成能を





































































































Gryglewski et al (1983)37＇は虚血性脳血管障害の患
者lζPG！，を用いて治療し，神経症状の改善をみ，有




Furlow & Hallenbeck (1978)28＇は，イヌの虚血モデ
ルに対する IMの虚血後の血流低下改善効果を報告し











せて検討した報告では， Gaudet& Levine (1979）仰は．
Mongorian gerbilの両側総頚動脈血流遮断モテγレピ





Gaudet & Levine (1980）掛は Mongoriangerbilの
ー側総頚動脈血流遮断モデノレを用いて， IMは不完全
虚血による PGD,,PGF2α および 6keto-PGF1α の増
加を抑制したが，脳組織含水量の増加に対しては抑制

























































ると考えられる．一方， Dexa は， 膜安定化作用lと
より，虚血の刺激による Phospholipidsから Phos-
pholipase んによる AAの遊離を抑制するといわれて
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